aneurysmal rebleeding (3.7%-47% of cases 8, 12, 14, 24, 29 ) and the latter is associated with a marked risk of disabling postoperative stroke (16%-50% of cases 15, 26 ). To minimize the risk of these unintended consequences, many have advocated for the use of IA during aneurysm surgery. 2, 4, 10, 22 However, routine use of IA can be technically and logistically challenging for many institutions. In addition, IA carries its own risks, with complication rates reported as high as 3.5%, 27 some of which result in serious adverse events, including thromboembolic stroke, arterial dissection, and retroperitoneal hemorrhage. 10, 22, 27, 30, 34 It therefore stands to reason that an intraoperative assessment tool that is easier and safer to use than IA, and provides useful information regarding vascular flow and aneurysm patency, would be a highly desirable alternative to the routine use of IA during aneurysm surgery. Intraoperative near-infrared ICG videoangiography is one such technique that has been recently advocated for aneurysm surgery.
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In ICG videoangiography, indocyanine green is a nearinfrared fluorescent dye that is injected intravenously while the operative field is illuminated by a near-infrared light source. An angiographic image providing arterial, capillary, and venous phases of blood flow is then produced using a near-infrared-sensitive camera. 6, 31 Use of ICG videoangiography in vascular neurosurgery was first reported by Raabe and colleagues in 2003. 31 Since that time multiple groups have presented their experience with ICG videoangiography during aneurysm surgery (Table 1) , 7, 9, 14, [17] [18] [19] 23, 25, 32 which in general have reported excellent utility of ICG videoangiography in the detection of aneurysmal remnants and parent or branch vessel compromise following aneurysm surgery. In those studies that compared ICG videoangiography to catheter angiography, all but 1 exclusively used postoperative catheter angiography as its point of comparison and all reported concordance rates of 90%-100% between the two imaging modalities. 7, 17, 19, 23, 25, 32 Only two of these studies 17, 32 provided directed comparison of ICG videoangiography to IA, which is important given that IA permits the most useful measure of efficacy for any technique designed to assess adequacy of aneurysm clip obliteration-that is, incidence of clip adjustment following catheter angiography.
At our institution, it is common practice to use IA during most aneurysm surgeries. In recent years we have begun to use ICG videoangiography in conjunction with IA in select cases. The purpose of this paper is to present our initial experience with this combined intraoperative assessment technique. Specifically, we sought to examine the incidence of clip adjustment following IA as a direct and unequivocal measure of discordance between ICG videoangiography and IA. We also sought to rigorously define the clinical and anatomical situations that may prove a diagnostic challenge for ICG videoangiography.
Methods

Patient Selection
From June 2007 through September 2009, 155 patients underwent craniotomy for the clipping of intracranial aneurysms. All patients underwent IA and 49 patients also underwent ICG videoangiography; those patients who underwent both procedures were the focus of this report. Patient notes, preoperative and intraoperative catheter angiography results, and the operative and ICG videoangiography videos (when available) were retrospectively reviewed. The following descriptive data were collected: patient age and sex; number of clipped aneurysms; aneurysm location, size, and rupture status; Fisher grade (if ruptured); number of clips applied; and specific clipping technique. The following ICG videoangiography data were collected: whether ICG videoangiography was performed before clip placement; ICG videoangiography findings after clip placement; and whether a clip adjustment was made after postclip ICG videoangiography. The following IA data were collected: whether an aneurysmal remnant or unwanted vessel stenosis or occlusion was present and whether a clip adjustment was made after postclip IA. If available, the operative and ICG videos were examined for detailed review of the technical aspects of the operation.
Indocyanine Green Videoangiography
A complete description of the technique used for ICG videoangiography was described by Raabe et al. 31, 32 Briefly, at the time the surgeon wished to view an ICG videoangiography video, the anesthetist in the operating room was notified. A 25-mg bolus of ICG dye solution was injected intravenously through a central line catheter. The operative field was then illuminated via an operating microscope-mounted near-infrared light source (Leica Fluorescence Module, Leica Microsystems, or Zeiss OPMI Pentero, Carl Zeiss Meditec). A near-infrared-sensitive camera attached to the operating microscope then recorded the projected blood flow pattern. The decision to conduct an evaluation with ICG videoangiography before clip placement was made at the discretion of the treating surgeon. All patients underwent at least 1 postclip ICG videoangiography procedure. Figure 1 provides an exam- ple of an intraoperative microscopic view of an aneurysm coupled with its associated ICG videoangiogram.
Intraoperative Digital Subtraction Angiography
Our technique for IA has been fully described previously (see Derdeyn et al. 10 ). Briefly, a 5-Fr sheath was placed in the right femoral artery either preoperatively or intraoperatively. The patient was then positioned on a radiolucent operating table (Skytron) with his or her head fixated in a radiolucent headholder (Mayfield Skull Clamp, Ohio Medical). Craniotomy, aneurysm clipping, assessment of ICG videoangiography, and post-ICG videoangiography clip adjustment (if necessary) were then performed. Following final post-ICG videoangiography clip application, the neuroradiology team returned to the operating room to perform IA. A portable digital subtraction unit (OEC Diasonics) was used for all studies. The arterial injections of a contrast agent were given by hand with collection of images in at least 3 planes (anteroposterior, lateral, and oblique). Following image acquisition, the attending neuroradiologist interpreted the findings and compared them with the preoperative angiogram in consultation with the operating neurosurgeon. If a clinically significant residual aneurysm, and/or parent or branch vessel stenosis or occlusion were noted on IA, clip adjustment was performed and IA was repeated.
Data Analysis
Collected data were entered into a computer database. A multivariate logistic regression model was created using the statistical software package SAS (version 9.1, SAS Institute, Inc.) to determine which factors predict an ICG videoangiography-IA discordance. The dependent variable for this model was ICG videoangiography-IA discordance, which was defined as the need for a post-IA clip adjustment after satisfactory ICG videoangiography results. Independent variables were anatomical location, aneurysm size, rupture status, Fisher grade, and use of ICG videoangiography before clip placement. Statistical significance was defined as p < 0.05.
Results
Of the 155 patients who underwent craniotomy for aneurysm clipping, 49 (32%) underwent both IA and ICG videoangiography. There were a total of 59 aneurysms clipped during these 49 procedures. From this group, ICG videoangiography provided information in 2 surgeries (4.1%) that resulted in clip adjustment. The first surgery was occlusion of an A 1 branch vessel of the ACA. Intraoperative angiography performed after this clip adjustment showed a return of blood flow in the A 1 segment and complete aneurysm obliteration. The second surgery was a neck remnant. Intraoperative angiography performed after this clip adjustment showed complete aneurysm obliteration. In addition, there were 7 cases (14.3%) in which post-IA clip adjustments were made. These 7 cases were considered ICG videoangiography-IA discordances. These cases consisted of 3 residual aneurysms (6.1%) and 4 vessel occlusions (8.2%). Two additional cases deserve mention. In the first case, ICG videoangiography suggested persistent flow into the clipped aneurysm, but IA demonstrated complete aneurysm obliteration, and no clip adjustment was made. In the second case, both ICG videoangiography and IA demonstrated an aneurysmal remnant, but after exploration under the microscope, it was believed that the most optimal clip placement had been achieved, and no adjustment was made. Neither of these cases was considered an ICG videoangiography-IA discordance.
Characteristics of the ICG videoangiography-IA discordance group compared with the nondiscordance group are outlined in Table 2 ; specifics regarding each of the discordances are detailed in Table 3 . In all cases, ICG videoangiography demonstrated an apparently completely occluded aneurysm and patency of all parent and branch vessels. In multivariate analysis, none of the predetermined variables listed in Table 2 were statistically significant. However, in univariate analysis, a trend toward ACoA aneurysm location having an increased incidence of ICG videoangiography-IA discordance was noted (discordance odds ratio 3.3, 95% CI 0.65-17).
The operative and ICG videoangiography videos were available for detailed review in 6 of the 7 cases of ICG videoangiography-IA discordance. There was no quantifiable data obtained from these videos. Rather, they were viewed qualitatively to determine common attributes among the discordances. In all cases in which an aneurysmal remnant was noted after IA, the remnant lay posterior to the clip outside the ICG videoangiography FOV. Similarly, in all cases of branch occlusion, both the tips of the aneurysm clip and the occluded vessel were beyond the FOV.
Illustrative Cases
Case 1 (Aneurysmal Remnant)
This 40-year-old male presenting with hearing loss was diagnosed with an incidental ACoA aneurysm by MRI. Diagnostic cerebral catheter angiography confirmed an 8 × 5-mm multilobulated ACoA aneurysm originating at the left A 1 -A 2 junction ( Fig. 2A and B) . Endovascular coil embolization of the aneurysm was first attempted, but was unsuccessful. The patient then underwent a left pterional craniotomy for aneurysm clipping. Following opening of the sylvian fissure, the neck and fundus of the aneurysm were exposed along with the A 1 and A 2 segments of the right and left ACAs. After temporary clipping of the parent and branch vessels, a 5-mm right-angled clip was applied across the aneurysm neck. Complete lesion obliteration with preservation of the parent and branch vessels was believed to have been achieved, and the temporary clips were removed (Fig. 2C) . Postclip ICG videoangiography suggested complete aneurysm obliteration and normal parent and branch vessel flow (Fig. 2D) . Unexpect- edly, IA demonstrated a neck remnant in the anterior-inferior portion of the aneurysm, an anatomical region that was outside the FOV during ICG videoangiography (Fig.  2E) . A second 5-mm right-angled clip was placed in tandem with the first clip. Repeated IA demonstrated complete aneurysm obliteration and normal flow through the A 1 and A 2 segments of the right and left ACAs (Fig. 2F ).
Case 7 (A 2 Branch Vessel Occlusion)
This 44-year-old male presenting with syncope was diagnosed with an ACoA aneurysm using CT. Diagnostic cerebral catheter angiography confirmed a 12 × 8-mm bilobed ACoA aneurysm originating from the right A 1 -A 2 junction (Fig. 3A) . Lumbar puncture showed no evidence of subarachnoid hemorrhage. The patient underwent right pterional craniotomy for aneurysm clipping. Following opening of the sylvian fissure, the neck and fundus of the aneurysm were exposed along with the A 1 and A 2 segments of the right and left ACAs (Fig. 1 left) . Indocyanine green videoangiography was obtained before clip placement (Fig. 1 right) . During the final stages of aneurysm exposure, intraoperative rupture occurred. Temporary clips were placed to achieve focal circulatory arrest. The aneurysm was then obliterated with a 15-mm straight clip (Fig. 3B) . Postclip ICG videoangiography suggested complete aneurysm obliteration and normal parent and branch vessel flow (Fig. 3C) . Intraoperative angiography demonstrated complete aneurysm obliteration, but unexpectedly also showed occlusion of the right A 2 segment of the ACA (which was being filled via retrograde flow; Fig. 3D ). Multiple clip adjustments were made, but flow through the right A 2 could not be reestablished. Postoperative imaging showed evidence of a small right-frontal infarct (not shown).
Discussion
The goal of aneurysm surgery is to achieve complete lesion obliteration while sparing blood flow through the associated vessels. To assist with this goal, numerous intraoperative assessment techniques have been developed, including Doppler ultrasonography, quantitative flow probes, IA, and now ICG videoangiography. Of these techniques, IA is the most sensitive with fewer false positives, making it the gold standard for intraoperative evaluation during aneurysm surgery. Due to its logistical difficulties, costs, and procedure-related risks, however, some have argued that IA should only be used in select cases.
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Recently it has been suggested that ICG videoangiography might supplant IA as the preferred method for assessing adequacy of clip application during aneurysm surgery, and several groups have reported their experience with ICG videoangiography for this purpose. Most groups compared ICG videoangiography to postoperative vascular imaging such as catheter angiography or CT angiography. 7, 18, 19, 23, 25, 31, 32 Only 2 have compared ICG videoangiography to intraoperative catheter angiography. 17, 32 Results from these studies suggest that the concordance rate between ICG videoangiography and postoperative imaging is 90%-100%. 7, 9, [17] [18] [19] 23, 25, 32 In many cases, the observed discordance was believed to be clinically insignificant, leading the authors to conclude that ICG videoangiography is a quick and reliable method for intraoperatively evaluating vessel patency and aneurysm obliteration.
7,32 Importantly, none of these studies directly compared ICG videoangiography to IA alone in their overall analysis. This comparison is likely a more clinically relevant comparison than ICG videoangiography to postoperative catheter angiography, as it permits a direct and unequivocal assessment of the clinical significance of any observed imaging discordance, that is, the rate of clip adjustment following IA.
In the present study, we retrospectively examined a cohort of patients who underwent both ICG videoangiography and IA following aneurysm clip obliteration to examine their concordance directly. Discordance was considered clinically significant if it led to post-IA clip adjustment, a commonly used end point in studies examining the utility of IA during aneurysm surgery. We found a substantially higher rate of ICG videoangiography-IA discordance (14.3%) than previously published, a rate that is similar to the clip adjustment rate reported in multiple case series in which IA was the sole intraoperative technique for assessing adequacy of aneurysm clipping. 2, 10, 22, 34 In 5 of the 7 cases of discordance, clip adjustment led to occlusion of the aneurysmal remnant and/ or restoration of parent or branch vessel patency (Table  3 ). In 2 of the 7 cases, clip adjustment did not provide an improved angiographic result, but this does not negate the importance of the information. For example, in Case 3, knowledge of the neck remnant led to the recommendation that the patient undergo serial follow-up imaging studies to monitor the stability of the clipped aneurysm. In Case 7, knowledge of the parent vessel occlusion that could not be rectified with clip adjustments affected the patient's postoperative care in regards to blood pressure management and neurological monitoring.
In our multivariate logistic regression analysis, no factor was significantly associated with ICG videoangiography-IA discordance, but a trend for an association between ACoA aneurysm location and imaging discordance was noted. This result is consistent with the findings of Dashti and colleagues, 7 who reported a higher incidence of discordance between ICG videoangiography and postoperative imaging for deep-seated aneurysms. This finding was reiterated by Gruber et al.
17 who believed that deep surgical fields led to poor image quality in ICG videoangiography. Most likely this reflects the narrower FOV achieved during exposure of these lesions. It may also reflect an increased anatomical complexity for certain deep-seated aneurysms such as those occurring at the ACoA complex, where frequently there is an abundance of overlapping vessels. During a pterional approach for ACoA aneurysms, for example, some of the contralateral vessels can be hidden from the FOV, making ICG videoangiography assessment of such vessels problematic (Fig. 4) . We also found, as did Gruber and colleagues, 17 that vessel occlusions can go undiagnosed by ICG videoangiography when evaluating aneurysms with complex flow patterns (such as an ACoA aneurysm with retrograde and/or collateral blood flow).
Although our study and that of Raabe and colleagues 32 provides strong evidence that IA is superior to ICG videoangiography in regards to detecting aneurysmal remnants and vessel stenoocclusions during aneurysm surgery, ICG videoangiography has several specific advantages to IA. First, it carries virtually no risk of procedural complication, which is in distinct contrast to the reported complication rate of 0.4%-3.5% for IA. 4, 10, 22, 27, 34 Second, ICG videoangiography is clearly superior to IA in regards to logistics. Indocyanine green videoangiography does not require the expertise of a neurointerventionalist, is much quicker to perform, and can be repeated multiple times if needed. Third, ICG videoangiography has the unique ability to image small perforating arteries, vessels that are below the detection limit of IA. The study by de Oliveira et al. 9 highlighted this advantage when they showed a 1.6% rate of clip adjustment based on ICG videoangiography detection of compromised flow through perforating arteries. Given these favorable features, the use of ICG videoangiography during aneurysm surgery should be strongly considered, either as an adjunct to IA or as an alternative to IA when circumstances do not permit its use.
Our study has several limitations. First, the sample size is small, making rigorous and meaningful statistical analysis difficult. Second, variability existed between the treating neurosurgeons in regards to indications and utilization of ICG videoangiography. Third, the methods in which ICG videoangiography was applied (before and after clip placement) and analyzed were not standardized across patients. Fourth, recently described ICG videoangiography flow analysis techniques 20 were not used in our cohort. Fifth, a priori knowledge that IA would follow ICG videoangiography may have led to decreased scrutiny of the ICG videoangiography results. Lastly, ICG videoangiography was not uniformly used in all aneurysm surgeries; only 32% of cases from the cohort used both ICG videoangiography and IA. These factors (especially the latter) may, in part, account for the higher rate of ICG videoangiography-IA discordance reported in our study, as it is possible ICG videoangiography was used more frequently in aneurysms considered more complicated. However, because we directly examined ICG videoangiography in comparison with IA (as opposed to other studies that predominantly compared ICG videoangiography with postoperative catheter angiography), our study provides increased clarity about what would be considered clinically significant discordance between ICG videoangiography and IA.
Conclusions
Our results suggest that care should be taken when considering ICG videoangiography as the sole means for intraoperative evaluation of the adequacy and safety of aneurysm clip application. This is especially true for aneurysm locations in which the FOV is expected to be limited and/or obscured or where there are complex flow dynamics (for example, in the region of the ACoA). While ICG videoangiography is a very useful tool in cerebrovascular surgery, it does possess certain inherent limitations that must be considered with its use. We believe a combination of ICG videoangiography (to immediately assess parent vessel, branch vessel, and perforator patency) and IA (to definitively confirm aneurysm obliteration and associated vessel patency) may ultimately prove most effective for maximizing the safety and efficacy of aneurysm surgery. 
